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ABSTRACT 
 
This research was conducted to observe behavior of 3.0 m x 3.0 m large scale model of Short Piled Raft foundation 
system on peat soil during loading test. The sequence of loading test consists of loading - unloading - reloading - 
remain - unloading, from 0 kN - 100 kN (100% design load) - 0 kN - 160 kN (160% design load) - remain for 24 
hours - 0 kN, with increment or decrement of 20 kN. Five locations were observed, one at the centre and four 
others at each corner. After conducting the test under the load of 100 kN, 160 kN and remain of 160 kN for 24 
hours, it can be seen that the maximum of total settlement ST(max) occurs at the center [CR], each is 7.80 mm, 29.90 
mm and 36.20 mm respectively. While the maximum of difference in total settlement between any two points 
∆ST(max) is 1.95 mm ([SW] – [NE]), 10.30 mm ([SW] – [SE]) and 9.65 mm ([SW] – [SE]), under the load of 100 
kN, 160 kN and remain of 160 kN for 24 hours respectively. The ST(max) occurs at the centre is easily understood, 
because the load is acting on it. Differential settlement may occur, because peat soil underneath the foundation is 
not homogeneous, thus, response of piles to contribute supporting load may also be different, and finally produce 
differential settlement. It can also be seen that the pile can function as stiffener of concrete slab effectively. The 
tolerable settlement is ST(max) < 50 mm and ∆ST(max) < 20 mm, therefore it can be concluded that ST(max) and ∆ST(max) 
which occur are tolerable. 
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INTRODUCTION 
 
With increasing urbanization in last three decades 
all over the world, and due to limited land available, 
many construction projects have penetrated into the 
problematic soil area, with some of the problems 
faced [1]. Completion of construction by using a 
conventional foundation system such as pile 
foundation system is still considered to be quite 
expensive [2]. To overcome these problems, several 
foundation systems have been developed, among 
others, is a piled raft foundation, which the concept of 
this system has received considerable attention in 
recent years [3] and even proves to be more effective 
on such conditions, increasingly recognized as a 
foundation more economical and effective on 
problematic soil [4]. 
At the peat soil area, the construction method on 
peat soil is different for the different depth of peat [5]. 
For peat soil with depth less than 3 m, the removal 
and replacement method are usually used. For the 
depth 3 m to 10 m, engineers normally use sand drain, 
lightweight fills and stone column. While for the 
depth more than 10 m, the suitable method is deep 
stabilization techniques such as pile and dynamic 
compaction [6].  
In this study, a Short Piled Raft foundation system 
is introduced, built on peat soil which is known as 
problematic soil. Short Piled Raft foundation system 
is a modified piled raft foundation system, which is a 
combination between pile foundation and raft 
foundation, with the pile length relatively shorter, and 
considered as a reinforced concrete slab resting on a 
number of piles. An illustration of piling activity 
during construction as shown in Fig. 1. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1 Adjusting pile verticality during piling 
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The basic concept of Short Piled Raft foundation 
system considers passive soil pressure creating a stiff 
condition of slab-pile system. This means that the thin 
concrete slab floats on the supporting soil while the 
piles serve as stiffeners slab concrete besides to 
improve stability performance by reducing settlement 
of the foundation [7]. Figure 2 shows a phase of 
construction before casting concrete slab. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2  Reinforcement of concrete slab before 
casting concrete slab 
 
SCOPE, LIMITATION AND OBJECTIVE 
 
The scope of this study is to observe the stability 
performance of a large scale model of Short Piled 
Raft foundation system on peat soil during loading 
test. The static load acts on the center of the concrete 
slab, as simulation of transmission line tower.  
The limitation of this study is that the size of the 
model to be 3.0 m x 3.0 m, with 0.15 m thickness of 
concrete slab, piled by 9 short piles of 3.0 m length, 
outer diameter is 0.32 m and thickness of wall is 0.003 
m. The pile is closed end galvanized steel pipe, with 
the pile spacing of 1.00 m, as optimum spacing [8] 
and constructed on peat soil with the layer thickness 
of 3.5 m. 
While the objective of the study is to evaluate the 
differential settlement that occurs at 5 points observed 
on concrete slab during loading test, based on the 
Recommendation of European Committee for 
Standardization on Differential Settlement 
Parameters [9] as shown in Table 1. 
 
Table 1 Recommendation of European Committee for 
Standardization on Differential Settlement 
Parameters 
 
Item Parameter Magnitude Comments 
Limiting values 
for serviceability 
(European 
Committee for 
Standardization, 
1994a) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Maximum 
acceptable 
foundation 
movement 
(European 
Committee for 
Standardization, 
1994b) 
 
ST 
 
 
 
 
 
 
∆ST 
 
 
 
 
 
 
 
 
 
 
β 
 
 
ST 
 
 
 
∆ST 
 
 
 
β 
25 mm 
 
 
 
50 mm 
 
 
5 mm 
 
 
 
10 mm 
 
 
 
20 mm 
 
 
1/500 
 
 
50 mm 
 
 
 
20 mm 
 
 
 
≈ 1/500 
Isolated 
shallow 
foundation 
 
Raft 
foundation 
 
Frames with 
rigid 
cladding 
 
Frames with 
flexible 
cladding 
 
Open 
frames 
 
─ 
 
 
Isolated 
shallow 
foundation 
 
Isolated 
shallow 
foundation 
 
─ 
 
METHODOLOGY 
 
Loading test was conducted according to ASTM 
Standard D 1143 - 81: Standard Test Method for Piles 
under Static Axial Compressive Load [10]. This test 
method covers procedures for testing vertical or batter 
piles individually or groups of vertical piles to 
determine response of pile or pile group to a static 
compressive load applied axially to the pile or piles 
within the group, regardless of their method of 
installation. 
There are three methods of applying load, but 
considering that peat soil is very soft soil, therefore 
the most suitable method is the method of Load 
Applied to Pile or Pile Group by Hydraulic Jack 
Acting against a Weighted Box or Platform. 
However, due to the limited of available of 
peatland area, some modifications of applying load 
were still needed so that the loading test could be 
carried out properly. The configuration of modified 
method of applying load as shown in Fig. 3. 
For conducting loading test, 16 concrete beams of 
0.40 m x 0.40 m x 6.0 m for applying load were 
provided and laid on an I profile steel beam. 
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Fig. 3  Modified method of applying load for 
Loading Test 
 
Figure 4 shows the arrangement of concrete beam 
for loading test. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 The last concrete beam would be laid as load 
 
Loading was carried out by jacking the steel beam 
at the center point of concrete slab. Location of point 
load and points observed as shown in Fig. 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5  Location of Point Load and Point Observed 
 
 
 
Loading Procedure 
 
Loading was carried out in stages, starting from 
loading 20% of the design load (20 kN of 100 kN), 
observing and recording of settlement were 
conducted at every 5 minutes during the first ½ hour, 
and at every 10 minutes during the second ½ hour. If 
the settlement reached 15% of the pile diameter (48 
mm), then the loading should be stopped. Evidently 
that the settlement was less than 48 mm, so the 
loading could be continued with the load increment 
of the next 20 kN. Accordingly, loadings with the 
same steps were carried out, up to 100% of design 
load or 100 kN and in turned out that the settlement 
was less than 48 mm. 
After reaching 100% of the designed load (100 
kN), then unloading was started, with decrement of 
20 kN. Observing and recording the vertical 
movement were carried out at every 20 minutes 
interval for 1 hour. Then the next unloading was done 
with decrement of 20 kN with the same steps, until 
the load became 0. 
After that, the next loading or re-loading was 
repeated as the previous steps of loading until the 
loading reached 160% of the designed load or 160 kN. 
It turned out that settlement was less than 48 mm. 
Then the loading was allowed to remain for 24 hours, 
and vertical movement was observed and recorded at 
every 20 minutes interval in the first 2 hours, 60 
minutes in the next 10 hours and 120 minutes in the 
next 12 hours. 
Finally, unloading was repeated, starting at 160% 
of designed load or 160 kN, with the load decrement 
of 20 kN, it was observed and recorded at every 20 
minutes interval for 1 hour. Then the next unloading 
was done with the load decrement of 20 kN and with 
the same previous steps, until the loading became 0.  
 
Procedure of Measuring Movements 
 
For measuring vertical movements, a leveling 
instrument (Sprinter) was used to measure some staff 
gauges that installed at several certain observed 
points, as shown in Fig. 6. 
Before testing, no-load reading was taken for all 
instruments, including staff gauge, and ground water 
level meter. Likewise, reading was taken after the 
application of each load increment or the removal of 
each load decrement. 
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(a)                                           (b) 
 
Fig. 6 Leveling instrument, (a) Sprinter and (b) 
staff gauge. 
 
During loading test, the hydraulic jack was 
checked periodically to ensure that the load was 
working accordingly. The hydraulic jack was placed 
at the convenient place in order to be easy for 
operating and for reading the load meter as shown in 
Fig. 7. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7  Hydraulic jack in operation during loading 
test 
 
As long as the test pile group had not failed, 
readings were taken and recorded them at intervals 5 
minutes during the first ½ hour and 10 minutes during 
the second ½ hour for each load increment.  
After the total load had been applied (160 kN), as 
long as the test pile group had not failed, then 
readings and recordings were taken at the interval of 
20 minutes during the first 2 hours, after that 1 hour 
for the next 10 hours, and 2 hours for the next 12 
hours.  
If pile group failure occurred, the readings should 
be taken immediately before removing the first load 
decrement. During unloading, reading and recording 
were taken at interval of 20 minutes. A final rebound 
reading and recording were taken 12 hours after all 
load had been removed. 
The phase of loading test and its sequence as 
shown in Table 2. 
 
Table 2 Sequence of Reading during Loading and 
Unloading Test 
 
PHASE 
Duration 
Cumul. 
(hr) 
Interval 
(minute) 
Loading/Unloading 
(kN) 
Initial - -     0 
L
o
ad
in
g
  
F
ro
m
 0
 k
N
 u
n
ti
ll
 1
6
0
 k
N
 
w
it
h
 i
cr
em
en
t 
o
f 
2
0
 k
N
  
  0.5 
  1.0 
  1.5 
  2.0 
  2.5 
  3.0 
  3.5 
  4.0 
  4.5 
  5.0 
  5.5 
  6.0 
  6.5 
  7.0 
  7.5 
  8.0 
    5 
  10 
     5 
   10 
     5 
   10 
     5 
   10 
     5 
   10 
     5 
   10 
     5 
   10 
     5 
   10 
  20 
 
  40 
 
  60 
 
  80 
 
100 
 
120 
 
140 
 
160 
Remain 
160 kN 
10.0 
20.0 
32.0 
   20 
   60 
 120 
160 
U
n
lo
ad
in
g
  
F
ro
m
 1
4
0
 k
N
 u
n
ti
l 
0
 k
N
  
w
it
h
 d
ec
re
m
en
t 
o
f 
2
0
 k
N
 33.0 
34.0 
35.0 
36.0 
37.0 
38.0 
39.0 
40.0 
   20 
   20 
   20 
  20 
  20 
  20 
  20 
  20 
140 
120 
100 
80 
60 
40 
20 
  0 
Final 
Rebound 
52.0 720   0 
 
 
RESULTS AND DISCUSSIONS 
 
Loading test was conducted until 160 kN or equal 
to 160% of design load (100 kN) and the foundation 
had no failed.  
The data of settlement reading at the end of every 
stage of loading, unloading, preloading and remain 
are tabulated in Table 3. 
The data can also be presented graphically, as an 
example, point at the center of concrete slab (CR) is 
taken as typical of settlement pattern, and shown in 
Fig. 8. 
It can be seen that the pattern of relationship 
between loading up to 100 kN and settlement are 
similar to relationship between loading up to 160 kN 
and settlement. 
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Table 3 Relationship between loading and settlement 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The maximum of total settlement ST(max) occurs at 
the center (CR) of 7.80 mm under the load of 100 kN, 
29.90 mm under the load of 160 kN and 36.20 mm 
under the remain load of 160 kN for 24 hours, less 
than the tolerable magnitude 50 mm. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8  Relationship between loading and settlement 
at the center of concrete slab (CR) 
 
From the data reading, settlement under the load 
of 100 kN at each point observed are not significantly 
different, as shown in Fig. 9. 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9  Relationship between loading up to 100 kN 
and settlement at each point observed. 
 
There are similar patterns of relationship between 
load and settlement at every observed point, it means 
that the concrete slab moves down simultaneously, 
indicates that the pile functions as stiffener of 
concrete slab effectively. 
While at the SW point is 7.65 mm, relatively 
larger than at the three point at another corners, 
because under this part, the original soil was disturbed 
due to for lifting remain big tree and filled back again 
without any compaction. It means that heterogeneity 
of peat may influence immediate settlement of Short 
Piled Raft foundation system. 
The settlement under the load of 160 kN at each 
point observed are presented graphically, as shown in 
Fig. 10. 
There is a little bit strange data for curve line of 
settlement pattern of SE point from the load of 120 
kN to 140 kN, that shows less settlement. But after 
reaching 160 kN, the curve returns to similar 
condition. Heterogeneity of peat may cause this 
phenomenon. 
While the maximum of difference in total 
settlement between any two points ∆ST(max) is 1.95 
mm ([SW] – [NE]), 10.30 mm ([SW] – [SE]) and 9.65 
mm ([SW] – [SE]), under the load of 100 kN, 160 kN 
and remain of 160 kN for 24 hours respectively, less 
than the tolerable magnitude 20 mm. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10  Relationship between loading up to 160 kN 
and settlement at each point observed. 
 
Load
[kN] SW SE CR NW NE
0.00 0.00 0.00 0.00 0.00 0.00
20.00 0.50 0.30 0.90 0.30 0.70
40.00 1.50 1.40 2.10 1.10 1.80
60.00 2.35 2.20 2.90 2.00 2.30
80.00 4.35 3.70 5.20 3.70 4.00
100.00 6.75 6.00 7.80 5.90 5.70
80.00 6.70 5.90 7.60 6.00 5.90
60.00 6.35 6.10 7.00 5.90 5.50
40.00 5.40 4.80 6.20 4.80 4.90
Phase
Settlement [mm]
L
O
A
D
IN
G
U
N
L
O
A
D
IN
G
160.00 26.10 160.00 16.50 160.00 30.60 160.00 22.80 160.00 19.90 160.00 26.10 16.50 30.60 22.80 19.90 20.00 3.90 3.70 4.40 3.60 3.50
160.00 26.60 160.00 17.20 160.00 31.90 160.00 24.10 160.00 21.00 160.00 26.60 17.20 31.90 24.10 21.00 0.00 1.50 1.90 1.50 1.70 1.70
160.00 27.90 160.00 17.10 160.00 33.00 160.00 25.00 160.00 21.60 160.00 27.90 17.10 33.00 25.00 21.60 0.00 1.50 1.90 1.30 1.70 1.70
160.00 28.90 160.00 19.40 160.00 35.20 160.00 27.20 160.00 24.20 160.00 28.90 19.40 35.20 27.20 24.20 20.00 2.65 2.80 2.90 2.60 2.80
160.00 31.10 160.00 23.40 160.00 36.20 160.00 28.30 160.00 24.50 160.00 31.10 23.40 36.20 28.30 24.50 40.00 4.30 4.00 4.90 3.90 4.40
U
N
L
O
A
D
IN
G
R
E
-L
O
A
D
IN
G
60.00 4.95 4.80 5.60 4.50 5.10
80.00 6.15 6.30 7.00 5.50 7.00
100.00 9.80 9.10 10.90 8.90 10.00
120.00 13.15 12.60 14.80 11.70 12.60
140.00 19.05 14.50 21.30 17.00 16.50
160.00 26.10 16.70 29.90 22.50 19.50
160.00 26.10 16.50 30.60 22.80 19.90
160.00 26.60 17.20 31.90 24.10 21.00
160.00 27.90 17.10 33.00 25.00 21.60
160.00 28.90 19.40 35.20 27.20 24.20
160.00 31.10 23.40 36.20 28.30 24.50
160.00 31.10 23.40 36.20 28.30 24.50
140.00 32.25 23.40 36.30 28.40 24.40
120.00 32.15 23.40 36.20 28.30 24.60
100.00 31.70 22.70 35.60 28.00 24.50
80.00 31.40 22.60 35.40 27.60 24.40
60.00 30.10 21.40 33.80 26.60 23.70
40.00 27.85 19.50 30.90 25.00 22.80
20.00 25.10 17.30 27.50 22.90 21.10
0.00 22.55 15.20 24.30 21.00 19.00
F
IN
A
L
 
B
O
U
N
D
0.00 22.30 15.10 24.10 20.70 18.50
U
N
L
O
A
D
IN
G
R
E
-L
O
A
D
IN
G
R
E
M
A
IN
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CONCLUSION 
 
Based on the discussion above, it can be 
concluded as follows. 
1. The loading test of Short Piled Raft foundation 
system up to 160 kN or 160% of design load shows 
that settlements at each point simultaneously move 
down with small differences. It means that beside as 
supporting the load, piles are also well functioning as 
stiffener of concrete slab. 
2. The maximum of total settlement ST(max) is less 
than 50 mm and the maximum of difference in total 
settlement between any two points ∆ST(max) is less 
than 20 mm. Therefore the settlement of Short Piled 
Raft Foundation system during loading test is still 
tolerable. 
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